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In 1935, Rytz (1) produced an interesting immunologic reaction
when he was able to obtain strongly positive Wassermann and
flocculation tests in rabbits by injecting intravenously the
flocculate obtained from human syphilitic serum. Rytz used
normal adult albino rabbits whose serum gave negative reactions
to both the Wassermann and Kahn tests. He injected these
animals intravenously with emulsified flocculate obtained from
human syphilitic serum by either the Kahn or Rytz (2) tests.
After four injections of this emulsion at five day intervals, all
of the rabbits developed strongly positive Wassermann and Kahn
reactions in their serum.
The purpose in repeating and adding to this work is twofold:
first, to show that sera of human syphilitics contain a substance
which when combined with a lipoid and injected into normal
rabbits will produce positive flocculate and complement fixation
reactions in these animals. Secondly, to see if the production of
the positive flocculation reactions in these rabbits alters their sus-
ceptibility to experimental syphilis.
REVIEW OF THE LITERATURE
Active and passive immunization of experimental laboratory animals against
syphilis has been attempted by numerous workers with many methods; all of
which have met with essentially negative results. In reviewing the literature
1From the Division of Dermatology of the University of Minnesota, H. E.
Michelson, M.D. Director, and the Minneapolis General Hospital, Chief of Ser-
vice, S. E. Sweitzer, M.D.
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one finds two chief eras: the first, which began with the work of John Hunter,
was characterized principally by auto-inoculations of human beings using serum
from chancres and secondary lesions.
Following the discovery of the ability to transmit syphilis to experimental
animals in 1903 and the demonstration of the causative organism in 1905, a second
period began and new avenues were opened for more exact investigations.
Among the early investigations concerning the transmission of syphilis to
experimental animals, those of Neisser (3) are exceedingly important. He used
apes and monkeys and the essential results which he obtained are noteworthy.
First, he found that apes were-refractory to a second inoculation after the chancre
had been present for several days. He then administered injections of salvarsan
to the animals and subjected them to further re-inoculations. Some of the apes
developed chancres while others did not. Neisser examined the viscera of the
animals which proved resistant to a second infection and found that they still
harbored viable spirochetes. On the other hand, a high percentage of the animals
which he infected and treated until he thought they were cured proved not to
have spirochetes on repeated organ transfers to other normal apes. In these
animals he was able to produce a chancre on re-inoculation with spirochetes.
The final deduction which Neisser drew and which was also held by Kolle, Prigge,
and others is that immunity exists only where infection still persists. He estab-
lished that the best criterion for cure was the ability to reinfect that individual.
Chesney (4), who has made an extensive study of Neisser's work objects to his
conclusions for several reasons. In the first place the two series of animals which
were compared did not receive equal amounts of salvarsan nor was the time at
which treatment was begun always the same duration after the infection de-
veloped. The interval which elapsed between the initial infection and the in-
stitution of antisyphilitic treatment was later found by Chesney, Kolle, Frei
and others to be the most important factor in the development of immunity
in experimental animals. Still another question may be raised in interpreting
Neisser's work; this is as to whether he used heterologous or homologous strains of
spirochetes. Positive reinfections are of much higher incidence with different
strains of microorganism.
Kolle (5) was one of the first to recognize the importance of the time
factor that existed between the day of infection and the day upon which treatment
was started in regard to the development of immunity in animals. He found that
animals treated thoroughly before the forty-fifth day after inoculation were usually
all susceptible to reinfection; but if treatment was withheld until between the
forty-fifth and ninetieth day the percentage of possible reinfections became less
and less; until after three months reinoculations were almost uniformly unsuccessful.
Kolle (6) still favored Neisser's dictum that immunity exists only with the pres-
ence of infection and believed that by treatment after the ninetieth day of the
disease, one was not able to eradicate all the organisms.
Chesney and Kemp (7) were in accord with the findings of Kolle in regard to
the time interval necessary for the development of immunity. But they went
further and inoculated lymph nodes, heart, liver, spleen, bone marrow and brain
emulsions from so-called refractive animals into healthy ones and proved that
the emulsions were sterile in a large majority of instances. They therefore
concluded that these animals were resistant to reinfection because of the
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development of an immunity; and that the persistence of this immunity was
not necessarily always due to the presence of organisms in the tissues. This work
has been repeated by numerous investigators such as Uhienhuth and Grossman
(8) who are in accord with the findings of Chesney and Kemp (9).
At the present time two schools of thought exist concerning the mechanism
of the immunity in syphilis both being derived chiefly from experiments in animals
and clinical experience. Those who follow the earlier convictions of Neisser
believe that immunity exists only in the presence of infection. Chesney (10)
adequately summarizes his conception of this subject by the following statement:
"Immunity in syphilis is a state of resistance which evolves comparatively slowly,
at best not always complete or general in distribution, but imparted to some
tissues more than to others probably related to tissues more than to blood, in-
capable of production by any known method of immunization, produced only as
a result of disease and not dependent on the persistence of infection."
As far as I could ascertain from a review of the literature without infection
no success has been achieved in either actively or passively producing immunity to
syphilis in either man or animals. The various methods of immunization at-
tempted by investigators are numerous and only a brief account of the ones more
necessary for this study will be reviewed.
Metschnikoff and Roux (11) attempted immunization in a chimpanzee by
injecting a filtrate obtained from primary lesions; but their results were entirely
negative, the animal developing a chancre on subsequent inoculation. These
workers also attempted to attenuate spirochetes by repeated passages through
the lower species of monkeys. They thought that when they inoculated these
organisms into higher apes the chancres which developed were smaller in size
and lasted for a shorter time than if the spirochetes were obtained from a similar
species.
Further work by others has shown that the size and duration of the initial
lesion is no index to the severity of the ensuing infection. Accidental infections
which have occurred in laboratory workers from rabbits and other experimental
animals do not seem to run any milder course than if the disease was contracted
from human beings. There is therefore no evidence that the spirochaeta pallida
can be attenuated by passage through lower animals.
Metschnikoff and Roux were also unsuccessful in producing immunity to
syphilis by injecting monkeys with spirochetes which were obtained from human
lesions and killed either by heat or chemicals. Numerous other workers have
attempted similar experiments in which they used spirochetes killed in the same
manner. The results have been uniformly unsuccessful, regardless of the ani-
mals used or the method of killing the microorganism. Spitzer (12) in 1006 pub-
lished the results of his experiments upon patients with primary syphilis in whom
he injected subcutaneously emulsions of human chancres in increasing concen-
trations of the organisms. He believed that the number (35 per cent) of the
patients who developed secondary syphilitic lesions were less after this treat-
ment. Kreihich (13) who was working independently about the same time was
unable to obtain such favorable results. Neisser earlier had found that similar
inoculations given to apes produced no effect on the progress of the disease.
Truth (14) was unsuccessful in protecting rabbits from becoming infected with
syphilis by utilizing the serum from rabbits who had proven refractory to a second
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syphilitic infection. He also used extracts made from dried livers of syphilitic
fetuses and was unable to develop any immunity to the disease after injecting
this substance into rabbits.
Uhlenhuth and Mulzer (15) did a great deal of work along this line; they tried
injecting into rabbits spirochetes either killed by phenol or extracts made from
dried syphilitic rabbit's testicles. All of the results were negative. They also found
that the intravenous injections of living spirochetes into animals did not modify
the course of their infection and that the serum from these animals in no way
agglutinated or precipitated the organisms.
The ability to culture spirochetes brought forth many new attempts to mi-
munize experimental animals. Notable among these investigators was Nakano
(16) who made subcutaneous injections of killed cultured spirochetes into three
patients with recently acquired syphilis. He noticed no variation in the further
course of the disease. He was, however, able to produce agglutinins to cultured
organisms by injecting them intravenously into rabbits. Zinsser, Hopkins and
McBurney (17) succeeded in substantiating Nakano's work and obtained even
higher agglutination titres, yet their rabbits also proved susceptible to intra-
testicular injections of virulent organisms. They also found that the same
serum which agglutinated cultured spirochetes in high dilutions had no effect on the
virulent virus obtained from a rabbit's testicle.
During the past decade many American workers have attempted to produce
artificial immunity in rabbits. Pearce (18) found that by concomitant inocula-
tion into a rabbit's testicle of both spirochetes and the virus of vaccinia the
syphilitic orchitis was delayed but the ensuing infection was more severe. Kol-
mer (19) has been unable to produce any immunity in rabbits by injecting them
with an emulsion of spirochetes which he had killed by heat or formalin. Klauder
(20) was unable to confirm the work of Sachs, Klopstock and Weil (21), who had pre-
viously obtained positive Wassermann reactions in rabbits by the injection of heter-
ologous and homologous organ extracts plus hog serum. Klauder (20) injected
intravenously into rabbits an alcoholic extract of normal and syphilitic rabbit's
testicle plus a saline solution of hog serum but the serologic tests on the blood
remained negative. He used the special technique as recommended by Kolmer
(22) for rabbits in performing his Wassermann test. (Kolmer found that these
animals are prone to give false positive reactions with the usual methods of per-
forming the Wassermann test.) Klauder thought that the technique used in
determining the serologic tests may account for the conflicting results.
Kertesz (23) using Hilgermann's vaccine, which consists essentially of spiro-
chetes cultured on a special medium, obtained favorable results in rabbits, both
therapeutically and in producing partial immunity to experimental syphilis. In
six rabbits which had primary syphilis, injections of the vaccine were given both
intravenously and subcutaneously. Three of the rabbits were cured and the
rest developed only mild secondary lesions. In five rabbits which received a
number of injections of the vaccine prior to infection with spirochetes, four
developed mild evidences of infection without any serologic changes and in the
other animal no infection took place. Kertesz concludes that this treponema
pallida vaccine is of value in producing partial immunity in rabbits and is also
beneficial in the treatment of rabbit syphilis. He believes that intravenous
injections of the vaccine is better because the reticulo-endothelial system gives
origin to syphilitic antibodies.
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EXPERIMENT I
Sixteen adult white male rabbits of similar breed were obtained
from the same rabbitry so that their environment was alike.
All of the animals were tested and found to have negative Wasser-
mann, Rytz and Kahn tests. Eight of these animals were in-
jected intravenously with 32 units of flocculate suspended in
saline. The first four were given six injections, and the next
four ten injections. These were given at five-day intervals.
A unit of flocculate was an arbitrary unit of measure set up for later calcula-
tions and may be defined as the smallest amount of blood serum which would
produce a four plus flocculation reaction. The flocculate was prepared by the
method of centrifugation as described by Rytz (24). The serum was obtained
from cases of tertiary or latent syphilis in which there was no history of having
any previous antisyphilitic treatment. Eight tubes each containing a four
plus Rytz flocculation test were pooled into one tube. The latter was centrifuged
until the flocculate was forced to the bottom, the fluid was then decanted off and
the residue suspended in 2 cc. of normal saline solution. This was shaken vigor-
ously in order to break the flocculate into milky emulsion. This fluid was then
injected into the ear vein of the rabbit.
Four of the remaining rabbits were given saline emulsions of
the cholesterized antigen, each being given ten intravenous in-
jections of 0.4 cc. of antigen suspended in 2.0 cc. of saline, at
five day intervals.
Two days after the last injection of flocculate was given, blood
was removed from the ear vein of all sixteen rabbits and the
Wassermann, Kahn and the Rytz tests were performed. The
above tests were strongly positive on all eight rabbits which had re-
ceived the flocculate injections while the other eight were entirely
negative.
Serum was then titrated in various amounts and the flocculate test performed
on these dilutions. The results are tabulated in table 1. The last column was
determined by multiplying the reaction obtained on the lowest dilution of the
serum by the fraction that dilution was of 0.15 cc. (the usual amount of serum used
in doing the test). In this case that factor was 5, because all the serums gave a
reaction on the lowest quantity or .03 cc. of serum.
The flocculation test was likewise negative on all the other eight control
animals.
All sixteen rabbits were then inoculated intratesticularly, with an emulsion
of the Nichol's strain of spiroehaeta pallida. This emulsion was made by grinding
the testicle of an infected rabbit in saline. The dark field examination of this
material revealed approximately six to eight actively motile spirochetes per
"high power" field.
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About one-half cubic centimeter of this mixture was injected into the right
testicle of all 16 animals. Thereafter all the animals were examined carefully
every two to three days, the testicle being carefully palpated for evidence of
induration.
At the end of four weeks three of the control group, which had
received the antigen emulsion alone showed evidence of orchitis.
At the end of eight weeks the eight flocculate-injected rabbits
were still negative clinically; and flocculation tests done at this
time were still strongly positive on all but number three, who
only gave a weakly positive two plus reaction. At this time,
TABLE 1
(SERUM DILUTIONS)
RABBIT NUMBER
.15 .05 .03 Total
1 4+ 4+ 3+ 15+
2 4+ 4+ 4+ 20+
3 4+ 1+ 1+ 5+
4 4+ 2+ 1+ 6+
5 4+ 4+ 4+ 20+
6 4+ 4+ 4+ 20+
7 4+ 4+ 4+ 20+
8 4+ 4+ 3+ 15+
five of the controls showed clinical evidence of infection by induration
of the testicle and their flocculation tests were now strongly positive.
At the end of nine weeks the testicles were removed from the first four fioculate-
injected rabbits. They were all soft to palpation, except that of number four
which showed a small hard pea sized nodule at the upper pole. The testicles were
emulsified and dark field examinations were done, all of which were negative ex-
cept that of case four in which several spirochetes were found. The testicles
and popliteal glands of three other floculate-injected animals were removed
and emulsified and then injected into the testicles of fresh white rabbits raised
under the same conditions as those previously used.
At this time six of the control rabbits showed clinical orchitis,
the testicles being the size of walnuts and diffusely indurated.
Two of these clinically diseased testicles were removed and
emulsified and showed an abundance of spirochetes by dark
field examination.
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Sixteen weeks after infection two of the remaining four rabbits
which had been injected with flocculate showed evidences of a
syphiloma which upon removal revealed spirochetes. (Syph-
iloma is used by the writer to signify the large, globular and in-
durated swelling which occurs in a rabbit's testicle upon the
development of a syphilitic infection therein.)
After three months of observation of the animals which were
inoculated with emulsions of the testicle and glands from rabbits
one, two and three, only the one injected with material from
number three developed a syphiloma. The other two remained
clinically and serologically negative.
EXPERIMENT II
A new rabbit was given four injections of 32 units of flocculate at weekly in-
tervals; two weeks more were allowed to pass and then this rabbit was bled by
severing the jugular vein. 14 cc. of clear serum were obtained; this was titrated
as before in that the smallest amount of serum necessary to produce a four plus
reaction was determined. In this instance 0.05 cc. produced a strongly positive
result and therefore the serum yielded 1124 units of flocculate which was 1096
more units than had been previously injected into the rabbit.
EXPERIMENT III
Two other normal rabbits were given injections of normal human serum in
doses of one cubic centimeter plus 0.4 cc. of antigen emulsion (Cholesterolized
alcoholic extract of beef heart). Four inj ections of this mixture were given
intravenously to these animals at five day intervals. At the end of that time
serum was obtained from the rabbits which upon examination showed a weakly
positive Rytz test.
EXPERIMENT iv
Four other normal rabbits were given injections of emulsified flocculate pre-
pared as before, except that the serum utilized was not from human syphilitics
but from rabbits which had developed strongly positive flocculate and comple-
ment-fixation reactions after infection with spirochaeta pallida. These animals
also developed positive flocculation reactions after four mi ections, although the
amount of flocculate which was formed was not nearly as great as in those animals
which had previously received a similar quantity of flocculate prepared from
human syphilitic serum.
EXPERIMENT V
Flocculate which was derived from human syphilitic serum was measured
as before and then divided into two equal quantities. The first portion was
heated in a water bath at 56°C. for one-half hour, the second portion was heated
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at 60°C. for the same length of time. Four injections at five day intervals were
then given to two normal white rabbits, one received the material which had
been heated at 56°C. and the other that which had been heated to 60°C. Only
the animal which received the material heated at the lower temperature developed
a positive flocculation test upon examination of the blood serum.
DISCUSSION OF RESULTS
Experiment I
After six months of careful observation six of the control
rabbits had developed definite evidence of a syphilitic orchitis,
the longest incubation period being nine weeks. At the end of
six months five of the flocculate-injected rabbits had either de-
veloped syphilomas or transfers of their testicles or regional
lymph glands were positive. The most significant finding was
the prolonged period of incubation present in the flocculate-treated
animals as compared to the controls. The first flocculate-injected
animal developed a lesion (which was rather small) at nine weeks,
the other three developed orchitis at fourteen, sixteen and twenty
weeks respectively: one transfer being positive at the end of nine
weeks.
Only four of the entire group of sixteen rabbits developed a
generalized eruption with bony and cutaneous involvement and
all of these animals were from the control group, which had not
been inoculated with the flocculate.
Experiments II, III and IV
Flocculate which was obtained from the serum of syphilitic
rabbits was also effective in producing positive flocculation
reactions in the serum of normal albino rabbits. The only ap-
parent difference that could be noticed was that the amount of
flocculate which was produced by a unit of flocculate injected
was less in comparison to that obtained when human syphilitic
serum was utilized. The only structural difference between
flocculate that was obtained from human and rabbit syphilitic
serum was that the human flocculate contained some substance
derived from human serum which was of a foreign nature to the
rabbit and which apparently made the human flocculate more
antigenic in the production of flocculate in the rabbit.
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Experiment V
It is also evident that the substance or substances in the
flocculate which are necessary for its reproduction in a normal
rabbit are destroyed by heating the flocculate somewhere be-
tween 57 and 60°C. for thirty minutes.
The flocculate, which was composed of the reacting sub-
stance in the serum plus the empirical antigen is most likely
therefore a combination of the protein from the serum and
the lipoid of the antigen. That this combination has antigenic
properties which neither the antigen nor the serum possesses
alone, seems to be proven by the injection of a known amount
of the flocculate and obtaining ten times as much as was
previously inoculated. These facts were first brought out
by Rytz (1) and my work seems to substantiate his results.
Further, this flocculate apparently produces some altered sen-
sitivity to experimental syphilis in these rabbits as shown
by the prolonged incubation period and milder course of the
infection.
GENERAL DISCUSSION
By special staining reactions Bergel (25) has shown that the outer portion of
a spirochete is of lipoid nature while the inner substance is probably a protein
similar to serum albumin. He has also demonstrated by staining technique that
the fat splitting enzymes which are so important in the body defense against either
the spirochaeta pallida or the tubercle bacillus are furnished by the lymphocytes.
Bergel supported the theory that the lipoid portion of the organism was the
antigenic part and therefore the body's defense anti-bodies were stimulated by
this lipoid.
Besides Sachs and Klopstock (27), who were previously mentioned, Brandt,
Guth, Muller (28), and Toni (29) were able to produce positive Wassermann
reactions in rabbits by the injections of alcoholic extracts of either homologous
or heterologous organs plus a protein in the form of hog's serum. The alcoholic
extract is undoubtedly lipoid in nature, yet in itself does not seem to be antigenie
unless combined with a foreign serum. Toni went further in his contention
that the Wassermann and flocculation tests depend upon lipoid antibodies. His
experiments showed that while alcoholic extracts of syphilitic rabbit's testicle
will produce positive Wassermann reaction in rabbits on intravenous injection,
a similar extract of a normal testicle needs the addition of a foreign serum to
produce the same result. Toni finally deduced from his work that in a spirochetal
infection the lipoids of this organism stimulate the production of antibodies
in the body and it is these substances which are involved in a complement-fixation
test. On the other hand, organ lipoids plus a foreign serum will have the same
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antigenic powers as the spirochete and give rise to a similar positive Wasser-
mann reaction.
I was able to substantiate this work by being able to produce
weakly positive serologic changes in normal rabbits by the in-
jection of normal human serum plus a lipoid in the form of the
cholesterized alcoholic extract of beef heart (Experiment III).
Yet this substance (normal human serum plus lipoid) was not
nearly so active in the production of flocculate in normal rabbits as
was the emulsion containing the same lipoid and some substance
derived from human syphilitic serum. This is made evident
when four injections of the normal serum and lipoid combination
which were given to a rabbit produced only a weakly positive
Rytz and Kahn test. On the other hand a similar number of
injections of emulsified flocculate obtained from human syphilitic
serum produced very strongly positive tests.
The work of F. Klopstock (30) although carried out along slightly different
lines gives rise to similar conclusions. He is of the firm opinion that comple-
ment-fixation reactions are the result of antigen-antibody combinations and
not the result of tissue destruction as some believe. He uses for comparison
tuberculosis which is also a chronic infectious disease with tissue destruction
and in this malady the number of false positive reactions which occur are insig-
nificant. By injecting spirochete material which he had made by growing the
organisms in horse serum plus bits of tissue, he was able to obtain positive Was-
sermann tests in rabbits. Klopstock also used an alcoholic extract of spirochaeta
pallida as the antigen in doing complement-fixation tests and found that these
tests became positive earlier than when the empirical antigen composed of organ
lipoids was used. He therefore believed that organ lipoids and the lipoid of the
spirochaeta pallida were extremely similar, that of the organisms however being
more specific therefore giving antigen-antibody reactions earlier; but as the
disease progressed and the antibodies increased the two materials were inter-
changeable. Klopstock further believed that the antibody which is present
in the syphilitic serum is probably of protein nature, yet he offered no substantial
proof that this was true.
Recently Gruneberg (31) performed similar experiments on human beings and
further substantiated the opinion of the above authors. He used three groups of
patients: first, non syphilitics in whom he was able to produce weakly positive
complement-fixation reactions by the injection of alcoholic extracts of various
organs plus a pallida vaccine. In these patients the serologic tests remained
altered for only a short time. Second, five patients who had non-specific serologic
changes, no further alterations of their Wassermann tests occurred on inoculation
with this same material. Third, patients with clinical syphilis and negative
serologic reactions were injected with spirochaeta pallida vaccine; in this in-
PRODUCTION OF POSITIVE REACTIONS IN RABBITS 137
stance, the substance acting as a provocative, produced strongly positive corn-
piement-fixation reactions. From his histologic studies following the injections
of spirochetes, Gruneberg was of the opinion that the organisms rapidly gathered
about blood vessels, and that they were probably attracted there by the presence
of specific lipoid substances in the vessel walls. Using an alcoholic extract of
ox aorta plus his pallida vaccine, he was able to obtain both strongly positive
Wassermann and flocculation tests on supposedly non-syphilitic humans. Grune-
berg believed that his experiments substantiate the theory that complement..
fixation tests are the result of a true antigen-antibody reaction.
While the present paper was in preparation Rytz (32) pub-
lished an independent account of similar work on inoculation of
spirochetes into rabbits which had been previously injected with
flocculate obtained from human syphilitic serum. Although he
used fewer injections and smaller amounts of flocculate, his
rabbits also showed a prolonged incubation period (12 to 16
weeks), fewer secondary manifestations, and better physical
well-being than his normal control animals after infection with
spirochaeta pallida. Rytz also found that the flocculate was of
some value in the treatment of rabbit syphilis.
In the experiment which I performed the empirical serologic-
test "antigen," an alcoholic extract of beef heart to which choles-
terol was added, was not in itself antigenic. This fact seems to
be definitely proved by the repeated injections which were given
my control animals who acted exactly in the same manner as the
normal rabbits after infection with the treponema. From the
work of Klauder and others, there is little doubt that syphilitic
serum obtained either from infected human-beings or rabbits
has no effect upon normal animals. When given intravenously
this serum has no effect either in producing serologic changes or in
giving protection to a subsequent inoculation with spirochetes.
Upon the addition of antigen lipoid to the syphilitic serum,
flocculate was formed, which was repeatedly washed and centri-
fuged in order to minimize the possibility that organism could
be present. This flocculate was then suspended in saline and
injected into normal white rabbits. That this combined substance
was definitely antigenic seems to be proved in that the amount of
flocculate given was carefully measured and later ten times the
original quantity was obtained.
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Landsteiner and Simm's (33) early work on the binding of a haptene with a
protein in order to make a previously non-antigenie substance active in produc-
tion of antibodies seems to offer the best explanation for the mechanism involved
in the results obtained with flocculate. Forssman (34) found that by injecting
an emulsion of organs into a rabbit, antibodies are produced which are capable
of heniolyzing sheep cells. Landsteiner, after extracting these organs with al-
cohol discovered that now their antigenic properties were practically lost. He
concluded that these heterogenetic antigens consisted of two parts, each in itself
being incapable of antibody production. These two components were therefore
separated by the action of the alcohol and the portion dissolved in the alcohol
was lipoidal in nature; whether it was a lecithin, cephalin or a cerebroside is still
debatable. To further prove that the other substance i.e., the substance con-
ferring antigenieity was a protein, Landsteiner added a protein in the form of
a foreign serum. Now if these two substances (alcoholic organ extract plus for-
eign serum) are given to a rnbbit, the heterogenetie antibodies are formed. To
the substance which in itself was not antigenic until combined with the protein
Landsteiner gave the name haptene. In my experiment, the empirical "antigen"
usually used in serologic tests (alcoholic extract of beef heart plus cholesterol)
is the hcptene which when added to some substance in the syphilitic serum becomes
antigenic (combined or complex antigen). That the substance which combines
with the lipoid in the human being is a protein is difficult to prove, but if one re-
moves all the protein from a sample of syphilitic blood a positive flocculation test
is not secured.
Precipitin tests2 performed on the serum of the rabbits who received flocculate
injections gave positive reactions with human sera. This would indicate that
the rabbit's blood now contained a human serum protein after injection of the
flocculate. The protein was therefore present in the flocculate probably in com-
bination with the lipoid (empirical antigen). Klopstock demonstrated that the
lipoid obtained from the spiroehaeta pallida is interchangeable with the lipoid
of the empirical antigen in doing complement-fixation tests; therefore there must
exist a close similarity between the two. From the experiences of others who
have done extensive work on the subject and the data obtained from my experi-
ments, it seems most probable that it is this lipoidal substance that stimulates
antibody production in a syphilitic infection. The Wassermann, other comple-
ment-fixation and also flocculation tests are then true antigen-antibody reactions
in which alcoholic organ extracts, because of their close similarity to the lipoids
of the spirochaeta pallida may be used as the antigen. These organ extracts
are in themselves only very slightly antigenic but when used as a haptene they
become strongly antigenic, producing positive serologic changes when injected
into rabbits.
In closing this report I wish to remark that all possible pre-
cautions were taken in the selection and observation of the ani-
mals used in these experiments. Rosahn (35) found that there
2Precipitin tests were performed by Dr. W. P. Larson of the Bacteriology
Department.
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was a variation in susceptibility to experimental syphilis among
different rabbit breeds. In order to avoid any discrepancy of
this nature only New Zealand rabbits obtained as far as possible
from the same litters and raised under identical circumstances
were utilized. In all cases in which no evident infection took
place at least one transfer of testicle and regional lymph nodes
was performed before a negative finding was recorded. In all
instances in which inoculations were performed an equal number
of control animals were always used.
While my own series is relatively small, the more recent work
of Rytz along similar lines increases the total number of animals
used in this type of experiment to a quantity which makes the
identical results seem significant.
SUMMARY
1. Positive Wassermann and flocculation reactions were ob-
tained in white rabbits by the injection of flocculate obtained
from the serum of cases of human syphilis.
2. This human syphilitic flocculate (syphilitic antibody plus
cholesterolized alcoholic extract of beef-heart) appears to be
definitely antigenic, because ten times as much flocculate was
obtained as the amount previously injected into the rabbit.
3. The rabbits into whom the flocculate was injected developed
an altered susceptibility to experimental syphilis which was demon-
strated by the prolonged incubation period and the milder course
of the infection as compared to control animals.
4. The substances in human syphilitic flocculate responsible
for its reproduction in normal rabbit serum are destroyed by
heating the flocculate for 30 minutes at a temperature from 57
to 60°C.
5. Landsteiner's haptene theory offers the best explanation
of the mechanism involved. The empirical serologic "antigen"
acts as the haptene and the substance from the syphilitic serum
to which it combines to form the flocculate is probably protein
in nature.
6. The Wassermann and flocculation tests are true antigen-
antibody reactions; the lip oid of the spirochete or the lipoid
140 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
derived by the alcoholic extraction of beef heart which, because
of their similarity may be interchanged, acts as the antigen. The
antibody which is probably a protein in nature is present in
syphilitic serums when a positive serologic reaction occurs.
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